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Abstract: 
 
Informal learning settings such as aquaria are well-placed to help 
young students understand the nature and importance of marine 
environments. In order to achieve this, it is important to incorporate 
pedagogical principles into exhibit design. Using a constructivist 
perspective, this paper explores young students’ conceptions of the 
marine environment. The findings indicate that although students 
are interested in marine life and are familiar with terms such as 
currents, tides and waves, their understanding of these concepts is 
limited and confused. It is suggested that by addressing children’s 
limited conceptions in their exhibits and educational programmes, 
aquaria can foster an understanding of the environmental processes 
that support marine life, thus contributing to habitat conservation 
and species survival. 
 
Introduction 
 
School environmental education programs have much to gain by 
incorporating visits to natural areas such as national parks and 
bushland areas, or to nature simulations such as wildlife centres, 
zoos and aquaria, to support and extend their formal teaching 
(Rennie and McClafferty, 1995). Informal learning experiences allow 
students to apply theoretical knowledge ‘in the field’, discover real 
life examples of principles, problems and issues, see things from a 
new perspective, and undertake problem-solving and decision 
making within a real world or simulated setting (Ballantyne and 
Uzzell, 1994; Lai 1999). Modern aquaria, for example, typically 
feature interactive exhibits that allow students to touch, hold, study 
and explore marine or fresh-water organisms (Cox-Peterson, 1999), 
and simulated marine environments that allow students to observe 
processes and phenomena that are inaccessible in classroom 
settings. Students reportedly enjoy visiting such settings in which 
they have an opportunity to handle materials, engage in activities 
and observe animals and objects (Price and Hein, 1991). 
 
Informal learning sites such as aquaria are thus important centres 
for marine science, biology and environmental education, helping 
both school students and the public understand why they should 
safeguard marine ecosystems and species (Kelsey, 1991). At the 
same time, commercially operated zoos and aquaria consider school 
students an important market (Ballantyne and Uzzell, 1994). In 
order to be effective as providers of science and environmental 
education, however, those who design interpretive exhibits in 
informal settings need to incorporate some of the pedagogical 
principles considered important in science and environmental 
education practice (Ballantyne, 1998). The constructivist approach 
has been suggested as having much to offer in this regard 
(Ballantyne, 1998; Robertson, 1994).  
 
According to the constructivist perspective, students approach a 
learning experience with their own models, theories, beliefs and 
values about the world. They use these conceptions to understand 
the world. Psychologists, such as Piaget (1973), have long studied 
the developmental changes in children’s conceptions of the physical 
aspects of the world and this knowledge should inform the design of 
learning experiences for young students. Accordingly, in order to 
design meaningful learning experiences, educators must be aware 
of the range of conceptions held by students, and how these might 
support or interfere with the new information being presented or 
the desired learning outcomes (Ballantyne and Packer, 1996). 
Approaches to teaching and learning based on this view focus on 
students’ current conceptions or misconceptions regarding the 
phenomenon under study, help students become aware of their own 
and alternative conceptions, and selectively confront them with new 
information or learning experiences designed to challenge 
inaccurate or inadequate conceptions (Ballantyne and Bain, 1995). 
 
The first step in applying such an approach to teaching in a 
particular subject area is to analyse and map the different ways 
learners experience and conceptualise specific subject matter 
(Marton and Ramsden, 1988). Such studies have been undertaken 
in many diverse fields and identified widespread misconceptions 
among students regarding scientific concepts. For example, studies 
have shown that only 5% of second grade students in American 
schools understood the concept that the earth is shaped like a ball 
(Lightman and Sadler, 1988), and only 20% of American primary 
students considered humans to be animals (Barman et al., 2000). 
In both of these studies, the children’s teachers were surprised by 
the findings, thus reinforcing the need for such research.  
 
In the field of environmental education, a constructivist approach 
has been applied to gauge students’ understanding of pollution 
(Brody, 1991; Wals, 1992), marine science and natural resource 
issues (Brody and Koch, 1989), issues related to the need for 
environmental protection (Ballantyne, 1995), and ecological 
concepts related to ecosystems, agricultural land management, the 
greenhouse effect, the hole in the ozone layer, feeding 
relationships, food webs, ecological adaptation, carrying capacity,  
and niche (Ballantyne and Witney, 1996; Lisowski and Disinger, 
1991; Munson, 1994). Knowledge of the various ways in which 
students understand these phenomena enables environmental 
educators to design learning experiences that encourage students 
to expand or alter their initial conceptions. It is equally important 
for designers of educational exhibits and learning experiences in 
informal settings such as aquaria, to appreciate the preconceptions 
and misconceptions that students are likely to hold regarding the 
marine environment. 
 
Previous studies suggest that students have a very low level of 
understanding of basic concepts and principles related to marine 
environments (Brody, 1993a; Revell, Stanisstreet and Boyes, 
1994). For example, misconceptions commonly held by young 
children include the following (Brody, 1996; Brody and Koch, 1989): 
• tides are caused by the action of the wind; 
• the ocean is shaped like a bowl and the bottom is sandy rock; 
• some plants like seaweed at the bottom of the ocean do not 
need sunlight to live; and 
• animals breathe oxygen in the water by breaking up the water 
molecule. 
 
Informal learning sites such as aquaria are in a unique position to 
address misconceptions such as these through their education 
programmes. Further research is needed, however, to identify 
common misconceptions held by students in various contexts. As 
conceptions of the natural world are constructed by students in 
response to their prior knowledge and experience (Munson, 1994), 
it is likely that children from different locations and cultures will 
have different conceptions of the marine environment. For example, 
Brody and Stilwell (1987, cited in Brody, 1991) found significant 
differences between students in Canada and the United States 
regarding their understanding of marine resources, and Brody 
(1993b) found differences between students in two different regions 
of the United States. 
 
This paper reports the findings of research conducted in Cape Town, 
South Africa regarding school students’ conceptions of the marine 
environment. Knowledge of existing conceptions held by these 
students is intended to inform the design of educational exhibits 
and programs at the aquarium in Cape Town. Such programs should 
challenge students’ conceptual understanding directly, or introduce 
new concepts in ways that facilitate meaningful linkage of those 
concepts to students’ existing cognitive structures (Brody and Koch, 
1989). 
 
Method 
 
Focus group interviews were conducted with 54 school students (26 
boys and 28 girls), between 10 and 11 years of age, in three 
government primary schools in Cape Town. Students from these 
schools lived close to the sea and all but four of them had already 
visited the Two Oceans Aquarium. All the students had swum in the 
sea although only one third reported having snorkelled or scuba-
dived.  
 
The interviews were conducted in nine small focus groups of 5–7 
students. Students were asked a number of questions to elicit their 
general knowledge about the sea, its origins, its inhabitants, and 
ocean movements such as tides, currents and waves. Students’ 
responses were then probed to elicit further information about their 
understanding of specific topics such as tides, currents and salinity. 
The interviews were audio-recorded and transcribed. Students’ 
responses to each question were analysed in order to identify the 
different ways in which they understood each phenomenon.  
 
Results and Discussion 
 
Students reported that they had learned about the sea at school, 
through watching television, reading books and visiting the 
aquarium. They could name many species of mammals, fish, 
invertebrates and plants that live in the water, and were familiar 
with terms such as tides and currents. 
 
When asked about the origins of the sea (How does water get into 
the sea? How did the sea get there?), a variety of different ideas 
were expressed. Most common was the idea that water comes from 
the rain and the rivers. A number of children, however, suggested 
that “God put it there”. Such replies in relation to questions 
concerning the origins of physical phenomena were common from 
students when they struggled to answer the question and illustrate 
the phase of artificialism described by Piaget (1973) where students 
consider God as “a fairy or a Father Christmas” (p. 424). Some 
interesting misconceptions in response to this question were: 
 
• The water was all underneath the earth and when there were 
volcanoes the water came out. 
• They dig with spades and the water fills up the hole. 
 
When asked “Why is the sea salty?” a number of children again 
gave the theocentric response that “God put it there” and a smaller 
number correctly described aspects of the process whereby 
minerals are washed out of the land and carried to the sea by 
rivers. The most common misconceptions were that people put the 
salt in, or it comes from animals and plants in the water. For 
example,  
 
• My father told me that one day a man was travelling across the 
ocean and he had a salt machine that kept running and it’s still 
running today. 
• People throw salt in. 
• Salt was put into the sea in salt bags. 
• It comes off the fishes’ scales. 
• It comes from rotting fish when they die. 
• Seaweed makes the salt. 
• The fish sweat and it makes the water salty. 
• There is a story about the fish crying and their tears making 
the water salty. 
• Mussels taste salty – maybe the salt comes from them. 
 
These responses are interesting examples of how children use their 
personal experience and knowledge of other concepts to explain 
phenomena. Children knew from experience the things that taste 
salty and inferred a connection with the saltiness of the sea. Other 
misconceptions were that 
 
• The salt comes from the sand. 
• It comes from the rain – it falls down inside the drops. 
• Salt comes from the sea, so the water is already salty. 
• The salt water stays at the top of the sea and underneath the 
water isn’t salty. 
 
Students were asked a series of questions about ocean movements 
such as currents, tides and waves. Their responses indicated that 
these concepts were often conflated, as reported by Revell, 
Stanisstreet and Boyes (1994) in relation to the concepts of acid 
rain, ozone layer depletion, greenhouse effect and marine pollution. 
The following examples indicate how students confused the 
concepts of currents, tides and waves: 
 
• When it’s high tide the waves are high and big – when it’s low 
tide the waves are small. 
• You can have all different kinds of currents – you can have low 
currents and high currents.  
• Currents are like the waves – they push up onto the shore and 
then move back again. 
• The currents are like underwater waves – which you cannot 
actually see when you just look down – you can’t see it like a 
wave. 
• Waves are caused by currents. The warm currents come to the 
surface – they rise to the top of the water and make the 
waves. 
• The currents push the tides.  
 
Not surprisingly, given the confusion in students’ minds among the 
concepts of tides, currents and waves, similar confusion was 
evidenced in their understanding of the causes of these phenomena. 
Thus the wind was suggested just as frequently as the cause of 
tides, as it was the cause of currents and waves; and the moon’s 
gravitational pull was suggested just as frequently as the cause of 
currents as it was the cause of tides. 
 
• Strong winds make high tides. If you have no winds there are 
low tides. 
• The wind forms the waves at night – that’s why you get high 
tides and low tides. Sometimes at night the waves are low and 
bigger in the day. 
• When it’s high tide the wind blows very strong and when it’s 
low tide it blows softly. 
• Waves can be caused by the moon. 
• When the moon is close to the earth, the currents are strong. 
 
Children’s understanding of these concepts had been strongly 
influenced by their own personal experience and observation of the 
seashore, e.g.: 
 
• Waves are caused when the water going from the shore meets 
the water going towards the beach - Where they meet there is 
a clash and one wave curves above the other. 
• When the water sinks into the sand it becomes low tide. 
• The wind makes the water bash against the rocks which causes 
the waves. 
 
The colloquial usage of terms such as “high seas” and “currents” 
may also have contributed to the students’ misconceptions, 
especially when presented as part of an emotion-charged message 
of danger, e.g.: 
 
• You get high tide – the waves are high and the water is rough 
and then low tide is when the water isn’t so rough. 
• If it’s high tide you stay far away from the shore because you 
can drown. 
• Strong currents can pull you underneath the water. 
• Sometimes the currents are quite high and they can pull you 
out to sea. 
 
Based upon their observations, a number of children attributed 
the currents in particular, and in one case the tides, to the action of 
animals in the water: 
 
• Whales and large animals swimming in the sea could cause 
currents. 
• I think it’s when the animals in the sea are swimming and they 
jump – when they all jump the sea goes down. 
 
Many students were aware that “you get warm currents and cold 
currents” but their understanding of the causes and consequences 
of this was incomplete, e.g.: 
 
• The temperature of the currents depend on the weather – on a 
cold day the currents are cold. 
• The temperature of the currents depends on how far you are 
from the equator. The closer to the equator the warmer the 
current. 
• You get cold and hot currents – the temperature depends on 
the winds and underwater volcanoes which heats up the water 
which moves around – there are no warm currents around 
Cape Town because there are no underwater volcanoes. 
 
Brody’s (1996) suggestion that students’ misconceptions often 
represent incorrect relationships of concepts between disciplines is 
supported by the findings of this study. Brody interpreted, for 
example, the misconception that “fish breathe by breaking up the 
water molecule” as an incorrect linkage of partially correct 
knowledge from biology (fish do breathe oxygen) and physics 
(water does contain oxygen). The present study also found evidence 
of such incorrect linkages, e.g.: 
 
• Evaporation – when the water evaporates perhaps that’s a low 
tide. 
• Water expands when it is heated, so you get high tides, 
normally around the middle of the day. When it is cooler, at the 
end of the day, you get lower tides because the water 
contracts. 
 
Finally, students were asked three questions designed to ascertain 
their attitudes towards, rather than their under-standing of 
concepts relating to the marine environment: Why is the sea 
important?; Do people have an impact on the sea environment?; 
and What do you want to know about the sea? Their responses to 
the first question were mostly egocentric or anthropocentric 
(Ballantyne, 1995), and focused on the sea as a resource, providing 
food, water, medicine, recreation, and transport opportunities for 
people. Only a few children enunciated the ‘ecocentric’ viewpoint 
that the sea was important for its own sake or for the sake of its 
inhabitants. Students strongly agreed that people do have an 
impact on the marine environment and identified this mainly in 
terms of pollution, e.g., oil spills, toxic wastes, sewerage and litter, 
and hunting activities, e.g., fishing and whaling. 
 
In terms of furthering their knowledge of the sea, students were 
mostly interested in finding out more about specific animals such as 
dolphins, sharks, whales and fish. They also mentioned some of the 
concepts raised during the interviews as topics they would like to 
know more about, e.g., ocean movements, saltiness, origins and 
causes. 
 
Conclusions 
 
The students who participated in this study held a number of 
incorrect or partially incorrect conceptions about the marine 
environment. Their responses suggest that children’s understanding 
of these concepts is based on a mixture of information, conjecture 
and hearsay, and that their concepts of tides, currents and waves in 
particular are confused. As many of these misconceptions provide 
superficially reasonable explanations, it is possible that students will 
retain a stable but incorrect view of the world, and will interpret 
subsequent knowledge in the light of this incorrect understanding 
(Nelson, Aron and Franeck, 1992).  
 
Informal settings such as aquaria are well-placed to be able to 
address these misconceptions by designing exhibits which 
accurately demonstrate these phenomena and help children 
distinguish between them. As all but four students in this study had 
visited the Two Oceans aquarium it is suggested that the learning 
experiences provided are not achieving the above. Accordingly, 
some of the misconceptions identified in this study could be 
incorporated into the design of exhibits in order to challenge 
students to question their accuracy and to search for alternative 
explanations. For example, signage panels could be used to address 
students’ misconceptions of tides and currents. Such information 
should be ‘scaffolded’ and engage students in problem solving 
activities regarding common misconceptions. Students 
demonstrated a range of attitudes towards the marine environment, 
which included fear and respect as well as an interest in marine 
creatures and phenomena. The incorporation of such emotions in 
the design of exhibits could also have a powerful effect on the 
learning experience (Ballantyne, Fien and Packer, 2001; Uzzell and 
Ballantyne, 1998). For example, by focusing on sources of danger 
relating to currents, tides and waves, and demonstrating when, why 
and how these impact on swimming conditions, exhibits could 
capitalise on students’ natural interest and personal experience as 
well as providing a valuable learning experience of relevance to 
students’ everyday lives. Conservation messages could also be 
framed within an ‘emotional’ context as research has indicated that 
students’ environmental behaviour is positively influenced by 
viewing evidence of the detrimental impact of human actions upon 
animals (Ballantyne et al., 2001).  
 
To achieve the aims of environmental education, it is necessary to 
not only focus on students’ attitudes and behaviour regarding 
environmental issues, but also to ensure that their environmental 
orientation is founded on accurate knowledge and understanding of 
environmental processes (Ballantyne and Packer, 1996). Clearly, 
young students in this study are learning information about, and 
attitudes towards, sea life but not about the environmental context 
and processes that sustain such life. It is suggested that aquaria 
need to foster an understanding of ecosystem processes to underpin 
students’ appreciation of the need for ‘habitat’ conservation thereby 
facilitating species survival. An educational focus on animals is a 
sound starting point for programme design but needs to be 
extended to include an understanding of the importance of 
ecosystem maintenance in the well-being of species. Developing an 
accurate conception of the interaction between marine life and 
environmental conditions and linkages between rain, rivers, 
currents, waves and tides, is an essential first step in enabling the 
future caretakers of the marine environment to take appropriate, 
informed action in their everyday lives.  
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